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MEMORANDUM
INTERMOUNTAIN POWER SERVICE CORPORATICN

TO: Gaorge W. Cross Page 1 of 3
FROM: Dennis K, Kilﬁar&y{}
DATE: February 22, 2007

SUBJECT:  Proposed Scrubber Reaction Tank Foroed Oxidation - Defoamer Test

Please sign below indicating your approval to conduct the proposed tesl oullined in this mama.
The proposed test will study the effects, if any, of overdosing the reaction tanks with defoamer
on the forcad oxidation gypsum reaction. This test should not affect removal or compliance.

Thare has been some empirical data gathared that would indicate a correlation between
continious addition of gefoamer and poor oxidation results. The problem with the gathered
data is that there were too many uncontrolled variables to truly understand their effects on the
procesa. [t is the goal of thiz test o limit the infiuence of ihese variables and 19 study the direct
affactz of defoamer on axidation rates.

Setup

m| The 1est will begin with lab personned taking slurry samples from all eight operating
scrubber module reaction tanks. These samplas will be proceszed using
thermogravimetric anaiyeis to detsrmina the gypsum purty,

O Four modules will be selacted from this poal to be used in thie study. The two neaction
tanks with the highest gypsum purity will be placad in “Category A." The two modules
with the iowest gypsum purity will be placad in “Category B."

O At the zame time that lab personnel takes these samplas, other information will ba
collected an per the attached data sheet {abeled “"Lab Data.” This information will be
collected at the beginning of =ach shift during the testing pericd. The Iab will also collect
samples at the baginning of each shift and analyze one of the samples per day. The
other sample will be saved for analysis al a later time if needad fo validaie trends.

O On the scheduled start day, 15T will clean and cabrate the pH probes on the four
designated modlies.

Calegory A

a Operationa should make every effort to keep conditions constant on these modules
during thiz best. This includes:

' Onxidation air flows kept constart. Do not swap blowers or change the balanca of

alr flows. Keep oxidation air fiows to the test modules balanced at 1200 & 100
SCFM.
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> Any ameunt of defoamer added by hand during the test peniod should be logged. .
The amount of defcamar added by hand should ba minimizsd, Add no more
than 1/2 gallon at a time. [f possible, wait 15 minuise between tosing to ensure
that mere is actually needad.

. Keep pH constant,

&} The two feaction tanks with the highast gypsum purity will be fed defoamer at the
highest rates possible using the metering pumps. Both stroke and spead should be
turned up 1o the highest setting.

a If the Forzed oxidation levels bagin to drop off, weit until the gypasum purity reaches 70
percant or lower. Once this is achigvad shit off the defoamer pumps.

O fFram thiz point on, only add defecamer manually and only when absolutsly requined.

O Continue this course until gypsum purity reachas 90 parcem. This will concluda the

testing for Categary A,

O The test will terminate after three days if oxidation doas net change by more than 10
parcent or after ona waslk

Category B

1 Operations should make every effort to keep conditions constant nn'ihase modules
during this test. This includes:

. Crdriation air flows Kept constant. Do not swap blowers or change tha balancs of
air flows, Keep oxidation air flows to the test modules balanced at 1200 £ 100
SCFM.

» Any amount of defeamer added by hand during the test period should be loggad.
The amaount of defcamer added by hand should be minimized. Add o more
than 112 gallon af a time. [f possible, wait 15 minutes between dosing to ensure
that more is actually needed.

’ Keep pH constant.

O The two reaction tanks with the lowest gypsum purity should only have defoamar added
manuglly and then only when it is absoiutely required.

a If the foreed oxidation levelz bagin to improve, wait until the gypsum purily reaches 80
parcent or higher. Once this is achievad, feed defoamer at 1ha highest rates possible
uging the matering pumps. Both stroke and spemsd shotdd be tumed up to the highest
setting.

O Conlinue this courss unill gypsum purity drops below 70 percent. This will cencluds the
testing for Category B,
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O The test will terminate after three days If axidation does nat change by more than 10
paccent or after one week.

The designated Lab Persornel and Scrubber Operators will ba contacied daily by Engineering
Services to check on siatus and answer any quastions.

Any auestions regarding this test plan may be directed to Bret Kent at extenslon 6447

L par- 2t
orge Vi Cross Data
President and Chief Operations Officer
BK/DEW jmj
ce: Joh A, Finlinaen
Cindy Jones
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MEMORANDUM
INTERMOUNTAIN POWER SERVICE CORPORATION

TO: Jon A, Finllnson Fage 1 of 1
FROM: Dennis K. KiliaE ) "/J
DATE: May 15, 2007

SUBJECT:  Results from the Effects of Defoamer on Reaction Tank Oxidation Purity Stucy

Fieasa fing attached the ahove referencad siuxdy report and recommendaticns. Any questions
reganding the report may be direcied to Bret Kanf at extenalon 8447,

BRAJIKH:jm)

G Richard Schmit - wf 6 copies of altachment
Bret ient
Cindy Jones

Norm Hass {GE infrastruciune)
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Effects of Anti-Foam use in Scrubber Reaction Tanks
on Gypsum Purity

IOTERRDUNIA N PONTER SEDAAGE CONI.
Page 10f8 Date:  March 2007

Executive Summary
Based on the results frem the March 2007 study, Technical Services offers the following
guidelines for the us2 of defoamer in scrubbar reaction tanks. These guidelines are
inlendled to maximize gypsum purlty {% cxidation} in the scrubber slurry, which in tum
will Improve sludgs dewatering operations.

Tha mcommendad application rabes provided balcw should only e implemantad when
needed and than be tumed back off. Manual or batch doalng s preferved. It is also
recommended that all dosing be legged snd monitored.

All application of defoamer in the scrubber reaction tanks should be minimized and used
only when ngeded. Caution shoulkd be taken to monitor cumulative affacts of haavy
application for defoamer in one (1) or more modules. IF more than typical amountz ana
baing applied, request assistance from the lab to monitor oxidation purity numbers,

A, Hand/batch feed using guantities leas then one {1) quart, do nci exceed four (4)
fallonalZdhrs.

8 Continuous addition of 10 ml/min could be weed indefinitsty.
C. Continuous addition of 20 mL/min should hot be done for more than six (B}

shifts,
D Continuous addition of 30 mL/min should not be dons for more than threa (3}
shifts.
Tast Overview

The purppsa of this study was to verify the effects of GE infrastructure FoamTrol
AF2290 anii-foaming agant on scrubber reaction tank gypsum purity (% oxidation).
Because of the dynamic natune of the reactions taking place nslde an ahsorber module,
the tast was designed (o rule out the affects of changes in process variables. Gypsum
purity ks critical in reducing scaling of ihe Scrubber modulas and in effactive dewatering
of tha =hidge in Sludge Conditioning.

Two (2) groups wena monitored. Group A consistad of tha fwo {2) modules with the
highest gypsum purity at the start of the test. Group B consistad of the two (2) modules
with tha lowast gypsum purity at the starf of the test. Thease groups were manipulated
by adjusting the fead rate of the AF2280 as followa.

Phase 1

To bagin the test, Group A {Unlt 1 A and Unit 2 F modules) was fed excessive amounts
of defoamer at the rabe of 125-180 ml./min {48-80 galona/day). Group B {Unit 1 O and
Unit 2 E modules) had defoamer pumps shutoff snd all manual additions were carefully
manaared.
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on Gypsum Purity

INTERENDUNTAIN NAREE SEIICE CONP.
Page; 20f8 Date:  March 2007

Phase 2

Once gypsum purity had been affected by a minimum of 10 percant, tha process was
reversed as follows: Once Group A reached purity levels of 85 parcent or (ess, the
gafoamer pumps were shutoff and all manual additions carsfully monitored. Once they
raturner to a purily greater than 83 percent, the test for this group was terminated.
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Cnce Group B had reached purlly levels greater than 93 percent, ite defcamer pumps
were turned on and fed the AF2290 at the rate of 10 mLfmin (3.8 gallohs/day). Iftha 10
parcent change could not be realized, the faed rates wers ingramanted. The purpose of
this axerciza was to quantify an accapisble constent fead rate.

Teat Rasults

Group A
As can be sasn from the following graphs the addition of large quantities of AF2280
resulted in a significant decrease of oxidation purity.

Note the rapid decrease In oxidation purily versus the time reguired for recovery, This
lag indicatas s buildup in concantration of AF2280. The time required for recovery is
dictated by the umover mate of the reaction tank.

IP12_001564



Effects of Anti-Foam use In Scrubber Reaction Tanks
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NTERBOUNTAR POWER SERVICE CONP.
Page: Jof 8 Date:  March 2007

The graph for Unit 2F reinforces the suggeation that the axidation purity is direclly
cormalated fo the concentration of AF2280. Notice that the purity leveled off at 80
percent. This gtrongly sugpests that the concantration of defoamer is comtrolled or
maintainged by the addition rate as compared fo the reaction tank tumover rate,
Additionally, the altainabie oxidation purity is directly affactad by the level of AF2280
soncantralion aliowed. Once the concanitration leval reaches a sugtainable equiibrium,
a3 dictated by fhe tank urnover rate, oxidetion purity will alao balance out.
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This group yielded the maost iteresting results and provides the mast infarmation to
allow eonclusions that will provide operation guidelines for the use of AF2280.

Little to no changs was svidenl in the oxidation purity for an AF2280 additlon rate of 10
mLimin ta Unit 1D module. Once the addiion rate was increasad ta 20 mLmin, a
dramalic thange in purhy is clearly visible. From this snapshot it appears that under
typical cperating conditions the deflection ogint for axidation purity in retation o the
addition rate of AF2200 iz bebween 10 and 20 mLimin.
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Per the concluslon made from the previous graph (Unk 10), Uit 2E sheuk! have seen
similar results for AF2200 fead rates of 20 mUmin. Instead, for a penod of nearly a
week, oxidation purity cycles up and down. Finally, on March 26 thera is a marked
change I purity, but than it appesrs to level out again. Only afler the feed rate iz
increased to 30 mi/min does tha trand finally move as axpacted.

Tha results of thia graph ganerate mora questlons than enswers. YWhat happenad on

March 26 to cause tha sudden shift in purity? Why wouid this reaction tank tolerate a
higher AF2280 addition rate?

Effacts of Oxjdation Air and pH
Critfation purity can be affected by many factors, Tha faclors that can be conbrolled and

are concretely known to directly rendar change are:
1. Sturry pH
2. Oxidation Air llows

3 Concentration of AFZ290
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Paga:

Sof8

Date:  March 2007

Cusdation Alr Blow [HCPM]

Factors where control is imited or that are cummently fixed:

A, Tank HeightLiquid Level

B Chadation Air bubble size/distribution

The following graphs will dsmonstrate the effect of items 1 and 2 from above and
attemnpt bo answer the: questions raisad by the resuits from Unit ZE.
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Nnﬂce lhat wmln fuding 10 mLfmm of AFE:HO the oxidation air flow was reduced by 15
percent with litke ar no effect on the purity. This is mors en indication that axcess
oxication air is belng provided, than anything sise. But, i does show thal the excess alr
being provided makes the reaction lese susceptible 1o nagalive Impacts as a resutt of
changes in air flow. This provides assurance that changea in ak flow during the coursa
of the test had negligibtle effect on the obeervad rasults.

On March 28, a 0.1 pH point differance betwean

ths lak pH and ihe tank meter pH was

noted. 18C Technicians cleaned and callbrated the probe which provided more acturate
conirol of the reaction tank pH. Ax can be seen below, even efler Incraasing the
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AF2280 flow rate to 20 mi/min (but prios to the probe calibration) the punty remained
unaffected. This appears to be the asult of having a significartly lower slurry pH than
the dezired ¢ontrol targest. Thia low pH resulted in snhanced oxidation purity {lower gH
equates to better oxidation purity) which offset the negative impact of the increagsed
defoamer additlon. Onece tha calibration occurred there is an obwious decrease in purity.
After this adjustmeril, the purity stabiiized and did not reach the goal of & 10 percent
change, 8o the feed rate was increased to 30 mLimin,

Al thiz poirt the question still remained, ‘why would the dafoamer hava a greater effect
on Unit 1D when compared to Unit 2E7 While it appsars that pH had significant impaci,
the complete answer to this quastion appears 1o be outiide of the scope of this study,
Since ali operational data, for these fwo modules, was simikar during the tes] the anawer
would seem 1o lim somewhere in the factors that are harder to confrol,  Bacausze existing
level sonsora cannot distinguish between foam and Aguid level, & is impossibla to
determine if Unit 1D ran a lower liquid level than Unit 2E. 1t is more Hkely that
distribution pozzles have failed or plugged in Unit 1D, resulting in waskar oxidation
kineties.

Conclusions
The results show a direct correlation between the amount of dafosmar added to each
scrubber module and #'s comesponding gypsum purity levels. Whie it is not the onty
proceas vatlable that afacts gypsum purity it can directly manipulate t. This i simply a
guastion of residence time in the reaction tanks. A careful look at the Hguid balance of a
reaction fank idantifies four (4) main inputs. Mist Eliminator Wash Water, Recoversd
Water, Limestona Slurry, and the AF2280. The 2 main outputs are svaporation and
ovarflow,

it 7= apparant that there is an acceptable avel of defocamer addition with regards to
gypsum purity. |f the kevel of defoamer addition exceads an alowable concentration, the
onky altarnatives are to reduce the defoamear fead rate or incraass the volume of ohe or
all of the inputs.

The following results are adapted from the attached technical lelter dated May 1, 2007
from Norm Hess (GE infrastructurs), who is the gupplier of the AF2280. Ths
calculations have baen modified to aceount for the achsal volume of the reaction tank
and dsnsity of the slurmy (see the attached Mathcad worksheet).

Denanding on the bikwdown rate of 3 neaction tank el constant feed additions of
AF2290 will sveniually achieve an squilibrium state where the concentration will ievel
off.

Addition Rate [mLimin] | 10 2 30 80 75 100 180
Equilibrium {PPM] 254 | 508 | 762 | 1270 | 1905 | 254.0 | 381.0

The amount of time it takes to mach this equiliorium point is a natural log fuaction. The
following graph will Klustrate this. This graph assumes constant overflow of 100 gpm.
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Aa an example, if the AF2290 is being addad at 10 mLfmin it will kaka approximately 23
days to reach 100 percent aquillbrium (25.4 ppm), or 4.5 days to reach 75 parcent of
aquilibrivm.

Conversely, if a guantifisble concentration is presant in & given reaction tank, at 100
gpm of overflow, it will take 2.3 days to reduce it by 50 percenl

In addition, it is possible to calculate how long it will take before saturation (ar tha point
at which oxidation purity is jespardized) is achieved. The following graph assumes that
i Is a single point deflaction. Meaning that It does not gradually or Anearly affect purity,
rathar it appears i be a dsting poin somewhers betweaen 10 and 20 miimin whars
purdly is compromisad. Tha data present up to this point would appear to support this
Ides.

Since an axact number haz not baen quantifiad, a value of 35 ppm (the equilibrium
concantration point not quile half way between 10 and 20 mb/min) is used to mpmesant a
posaible deflection point.

Thiz chart comakates nicely with the data collected during the test, At highar feed rates,
changes wers nobad within 24 hours. Ten (10) mL/min did not show any eftect on the
purity, but orce Increased to 20 or 30 mifmin K took less than 24 hours 1o deflact {tha
added 15 to 20 ppm neaded to reach 35 ppm in less than 24 hours cormelates ta 20 and
30 mlmin respectivaly).

Recommendations

The recommended appfication rataz provided betow sheuld onty be Implemented when
naeded and then be turned back off. Manual or batch dosing is preferred.

All application of AFZ2260 in the scrubber reaction tanks shoukl be minimized and ussd
only when neaded, Caution should be taken to moniter cumulative effecis for heavy
application of defeamer in ons (1) or more modulea. if more then typical amounts are
being appNed, requast assistance fram the lab to monktor oxidation purity numbars.

if the aperational sifuation requires heavy dosing, it should be offset by increasing the
cther module inputs by an appropriate amount. This proportion requires an approximate
75 gallen increasa in maction tank overficw par evary 10 mi/min above and beyond the
indicated defaamer rate given in thiz Rport

Adding defoamer should not becorne @ machanica! part of eguipment rounds.
Operators should verify the need to add defoamsr.

A Any hand or batch feeding should be done using guantities of one (1) quart or
less. Mot to excesd Four {4) gallons cumulative i & 24 hour peried. Thie
should be logged and monitored.

B Continuous addition of 10 ml/min. Could be used Indafinitaty. Rates should be

varified periodically. Be aware thal manual addition on top of the 10 mLimin
continueus, could cause purity fo drop off.
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<. Continuous addition of 20 mU'min. Nof recommended that thia be done far more
than slx (6) sbifts. This should be logged and monitared to make sure i gats
tumad back off,

7} Contnuous addition of 30 mLimin. Not recommended that thie be done for more
than three (3) shifts. This should be legged and monitored {0 makea sure it gats
tumed back off. [t is not mcommended that continuous feed be performad at
rates greater than 30 mL/min.

These recommandations apply specifically 1o the AF2280 produci. Conclusions shouki
not be appliad to other defoamer products,

Additionsiy thass recommenciations are focused on oxidation purity. Vhile the key
factor in dawataring ig particle akze {oxidation purity), it dose not directly guarantes
succassful dewatering. But without good oxidation purity numbers, existing techniques
and equipment da not stand a chance at providing effective dewatering.

Plans and Goals
Technical Sarvices is working with GE Infrasbuciure in ordar to provide 3 more efficient
means of dallvening defoamer to each scrubber reaction tark. This will be a semi-
automatic batch faed systam, with intentiona to make it fully automatic at the earliest
convenience. The fret stepe toward this systern are already in motion as bulk tanks and
recirc pumps ara cumently (5-3-07) onsite with trial metering pumpsa in roude.

The semi-automatic system will raly on an Operator pushing a button on a focal panel to
begin a batch feed into & given madula. The pump will then meter out a predetermined
quantity of AF2290 and shut off. This system will utilize plastic tubing sfinkiar fo the
axisting temporary gystem, but will eiminate tha 300 galion bns and the unrellable
metering pumps.

The automatic systemn will be triggarad off of foam level In the tanks ahd will only metar
out the quantity required to keep foam from reaching the reof of the reaction tank.
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AF2290 Concentration in Scrubber Reaction Tanks

< >

8zrubbar Module
Volurme 474,338 gallons
412 Mhh¥ AT2290
C:._ e AF2290 Focd rate
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100 gpm
E2 MM¥/day
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™ 2
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o - Bty day
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8Ggy = 1.001 Specific Gravity of AF22E0
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GE Infrastructure
Water & Process Technologies

Customer: | IPSC [hter | May 1, 2087
Address: elia, Utah Cust. No.
System: Serubler & AFI190 Feed Reporred To: | Brett Kent
CC: | Jerry Hintze
Denn Wood
Cindy Jones
. Don Smifk

Hello Brett,
During the past -8 wecks, IPSC haa been able o corcelate high feed rates of pntifoam (AF2290) 1 decreaued

levely ol axidation in the Scrubber modules. In other words, foeding more antifoam than is required to control
foamn hes a negative affect on oxidation in the modulcs. Because of this fact, it has been detormined that
improve control of AT 22 is not only dosimble [rom a standpoint of anilfowm ousts, bul also from a standpoint
of particie size development and subscquently Thickener perfirmance. With that in mind, we need to use
antifoam al & hevel, which will contm] foaming, but will not adversely affect exidation.

Ouestion: What is the best way to control AFI290 feed rate fo control foamsing, bt not adversely affeet
oxidation?

L supgest we determine the ppm foed maie of AT2290 and relate it to scrubber module blowdown,

Yuleme - Each Scrubber Module has a voiume of ~ 400,000 galloriy < 3.34 MM#
Blowdows - The blowdown from the Modules, is projected et an average of 100 gpm =» 1.2 MM/ day

< T

Nerabber Madole
Volume :
400,00 palions AF2200 !
1.34 MM
L3
~al = T
S AF2200 Feed rate
10 mbAmin = 31.8 #'day
20 mbmin — 63.5 #/day
Scrubber Blowdown
100 gpm
| 2 MM/ day
L PR PTEISSERAR
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Fihe feed of AF2290 is hest controllod if it is tied to the rate of blgwdown, For instanee, if you are blowing, B
dowz at 100 gpm and feeding AR2290 at 10 mlimin., your feed rale should bo - 31.8 # of AF2290/1.2 MM#
blowdown = 26.5 ppm. Of course, if your feed rate of AF2290 is 20ml/min, then your daily feed mbe would be
‘53 ppm.

AF1190 Fred Rate (100 gpm Blowdown) 10 ml/min =* 26.5 ppm
20 mLimin = 53,0 ppm

Critical Control Residual for AF2290 — Tt is my understanding, that somesvhers betwoen 26.5 ppm and 53
ppm you reach a ‘critical controt residual®, which controls fourning, but does not signifeantty reduce oxidation.,
Question: 15 the binwdows flow from the modude ronsistently 100 gpm or variable?
. We can use that information to accurately contral a ‘eritical cuntryl residual® of AFZ290. It hlawdown is 4

conslanl, we can basc control on a specific oumber, say 100 gpm. 1T it is variuble, that would be important
information to provide to the AF2Z290 pumps for improved eontml of AR?290 feed rale.

Question: What is the dilution factor for the volome of the Moda)e?

This is a lop relstionship between volume and Howdown. TF you werc to add S-gallons of AF2290 10 a
Scrubber Module, you will develop o residual of »
5 gal « 8.35 #gal >

41.T¥ & based on module volwme, thal equals 2
41. T3 34MMY w 12.5 Pty

If you did not add nymore AK2290, that 12.5 ppm you would bs reduced by 75% or 3.1 ppm in 3,85 davs,

! Inf100/25] =1In 4 » 75%
In[ 1 D0/S0] ~ In 2 =» 50%

Dilution by 75% of Volumc: -

1.386 (vol'bd] >

|.386 [400,000 gul!/ 1 M) gpm] = 5,544 minules =
5,544 iminutes = 1.R5 bayy

Conversely, if you feed AF2290 a1 10 m)/min, which at 100 gpm blowdawn, is 26.5 ppm, in 3.83 deays you will '
reach 73% of that fecd rate » 26.5 pprax .75 =19.9 ppm. |

JLend Lae Factor (75% of basc) - 3.85 days

Based on 100 gpm blowdown from a 400,000 gal module, you have a 3.85 day Lead Lag Factor, which is '
somcthimg we have all abscrved and would cxpect. 'We just never tied an achal timeframe bo it

‘Brett, thesc arc the calenlations we discussed. 1 hope this is helphul,
‘Regards,

éﬂorm Hess
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Executive Summary
Based on the results from the March 2007 study, Technical Services offers the following
guidelines for the use of defoamer in scrubber reaction tanks. These guidelines are
intended to maximize gypsum purity (% oxidation) in the scrubber slurry, which in turn
will improve sludge dewatering operations.

The recommended application rates provided below should only be implemented when
needed and then be turned back off. Manual or batch dosing is preferred. Itis also
recommended that all dosing be logged and monitored.

All application of defoamer in the scrubber reaction tanks should be minimized and used
only when needed. Caution should be taken to monitor cumuilative effects of heavy
application for defoamer in one (1) or more modules. If more than typical amounts are
being applied, request assistance from the lab to monitor oxidation purity numbers.

A Hand/batch feed using quantities less than one (1) quart, do not exceed four (4)
gallons/24hrs.

B. Continuous addition of 10 mL/min could be used indefinitely.

C. Continuous addition of 20 mL/min should not be done for more than six (6)
shifts.

D. Continuous addition of 30 mL/min should not be done for more than three (3)
shifts.

Test Overview
The purpose of this study was to verify the effects of GE Infrastructure FoamTrol
AF2290 anti-foaming agent on scrubber reaction tank gypsum purity (% oxidation).
Because of the dynamic nature of the reactions taking place inside an absorber module,
the test was designed to rule out the effects of changes in process variables. Gypsum
purity is critical in reducing scaling of the Scrubber modules and in effective dewatering
of the sludge in Sludge Conditioning.

Two (2) groups were monitored. Group A consisted of the two (2) modules with the
highest gypsum purity at the start of the test. Group B consisted of the two (2) modules
with the lowest gypsum purity at the start of the test. These groups were manipulated
by adjusting the feed rate of the AF2290 as follows.

Phase 1

To begin the test, Group A (Unit 1 A and Unit 2 F modules) was fed excessive amounts
of defoamer at the rate of 125-160 mL/min (48-60 gallons/day). Group B (Unit 1 D and
Unit 2 E modules) had defoamer pumps shutoff and all manual additions were carefully
monitored.
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Phase 2

Once gypsum purity had been affected by a minimum of 10 percent, the process was
reversed as follows: Once Group A reached purity levels of 85 percent or less, the
defoamer pumps were shutoff and all manual additions carefully monitored. Once they
returned to a purity greater than 93 percent, the test for this group was terminated.

Once Group B had reached purity levels greater than 93 percent, its defoamer pumps

were turned on and fed the AF2290 at the rate of 10 mL/min (3.8 gallons/day). If the 10
percent change could not be realized, the feed rates were incremented. The purpose of
this exercise was to quantify an acceptable constant feed rate.

Test Results

Group A
As can be seen from the following graphs the addition of large quantities of AF2290
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resulted in a significant decrease of oxidation purity.
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Note the rapid decrease in oxidation purity versus the time required for recovery. This
lag indicates a buildup in concentration of AF2290. The time required for recovery is
dictated by the turnover rate of the reaction tank.

Effect of Defoamer on Oxidation Unit 2 F
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The graph for Unit 2F reinforces the suggestion that the oxidation purity is directly
correlated to the concentration of AF2290. Notice that the purity leveled off at 80
percent. This strongly suggests that the concentration of defoamer is controlled or
maintained by the addition rate as compared to the reaction tank turnover rate.
Additionally, the attainable oxidation purity is directly affected by the level of AF2290
concentration allowed. Once the concentration level reaches a sustainable equilibrium,
as dictated by the tank turnover rate, oxidation purity will also balance out.
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Group B

This group yielded the most interesting results and provides the most information to
allow conclusions that withprovideranaialiesaidisslings for the use of AF2290.
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Little to no change was evident in the oxidation purity for an AF2290 addition rate of 10
mL/min to Unit 1D module. Once the addition rate was increased to 20 mL/min, a
dramatic change in purity is clearly visible. From this snapshot it appears that under
typical operating conditions the deflection point for oxidation purity in relation to the
addition rate of AF2290 is between 10 and 20 mL/min.
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Effect of Defoamer on Oxidation Unit 2 E
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Per the conclusion made from the previous graph (Unit 1D), Unit 2E should have seen
similar results for AF2290 feed rates of 20 mL/min. Instead, for a period of nearly a
week, oxidation purity cycles up and down. Finally, on March 26 there is a marked
change in purity, but then it appears to level out again. Only after the feed rate is
increased to 30 mL/min does the trend finally move as expected.

The results of this graph generate more questions than answers. What happened on
March 26 to cause the sudden shift in purity? Why would this reaction tank tolerate a
higher AF2290 addition rate?

Effects of Oxidation Air and pH

Oxidation purity can be affected by many factors. The factors that can be controlled and
are concretely known to directly render change are:

1. Slurry pH
2. Oxidation Air flows
3. Concentration of AF2290
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Factors where control is limited or that are currently fixed:
A. Tank Height/Liquid Level

B. Oxidation Air bubble size/distribution

Effect of Defoamer vs Oxidizing Air - Unit 1D
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The following graphs will demonstrate the effect of items 1 and 2 from above and
attempt to answer the questions raised by the results from Unit 2E.

Notice that while feeding 10 mL/min of AF2290, the oxidation air flow was reduced by 15
percent with little or no effect on the purity. This is more an indication that excess
oxidation air is being provided, than anything else. But, it does show that the excess air
being provided makes the reaction less susceptible to negative impacts as a result of
changes in air flow. This provides assurance that changes in air flow during the course
of the test had negligible effect on the observed results.
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On March 26, a 0.1 pH point difference between the lab pH and the tank meter pH was
noted. 1&C Technicians cleaned and calibrated the probe which provided more accurate
control of the reaction tank pH. As can be seen below, even after increasing the
AF2290 flow rate to 20 mL/min (but prior to the probe calibration) the purity remained
unaffected. This appears to be the resuilt of having a significantly lower slurry pH than
the desired control target. This low pH resulted in enhanced oxidation purity (lower pH
equates to better oxidation purity) which offset the negative impact of the increased
defoamer addition. Once the calibration occurred there is an obvious decrease in purity.
After this adjustment, the purity stabilized and did not reach the goal of a 10 percent
change, so the feed rate waRsfintoéReiednier 39 i UhinRE
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At this point the question still remained, ‘why would the defoamer have a greater effect
on Unit 1D when compared to Unit 2E?" While it appears that pH had significant impact,
the complete answer to this question appears to be outside of the scope of this study.
Since all operational data, for these two modules, was similar during the test the answer
would seem to lie somewhere in the factors that are harder to control. Because existing
level sensors cannot distinguish between foam and liquid level, it is impossible to
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determine if Unit 1D ran a lower liquid level than Unit 2E. It is more likely that
distribution nozzles have failed or plugged in Unit 1D, resulting in weaker oxidation
kinetics.

Conclusions
The results show a direct correlation between the amount of defoamer added to each
scrubber module and it's corresponding gypsum purity levels. While it is not the only
process variable that affects gypsum purity it can directly manipulate it. This is simply a
question of residence time in the reaction tanks. A careful look at the liquid balance of a
reaction tank identifies four (4) main inputs. Mist Eliminator Wash Water, Recovered
Water, Limestone Slurry, and the AF2290. The 2 main outputs are evaporation and
overflow.

It is apparent that there is an acceptable level of defoamer addition with regards to
gypsum purity. If the level of defoamer addition exceeds an allowable concentration, the
only alternatives are to reduce the defoamer feed rate or increase the volume of one or
all of the inputs.

The following results are adapted from the attached technical letter dated May 1, 2007

8
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from Norm Hess (GE Infrastructure), who is the supplier of the AF2290. The
calculations have been modified to account for the actual volume of the reaction tank
and density of the slurry (see the attached Mathcad worksheet).

Depending on the blowdown rate of a reaction tank all constant feed additions of
AF2290 will eventually achieve an equilibrium state where the concentration will level

off.
Addition Rate [mL/min] 10 20 30 50 75 100 150
Equilibrium [PPM] 254 | 508 | 76.2 127.0 1905 | 254.0 | 381.0

The amount of time it takes to reach this equilibrium point is a natural log function. The
following graph will illustrate this. This graph assumes constant overflow of 100 gpm.
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As an example, if the AF2290 is being added at 10 mL/min it will take approximately 23
days to reach 100 percent equilibrium (25.4 ppm), or 4.5 days to reach 75 percent of
equilibrium.

Conversely, if a quantifiable concentration is present in a given reaction tank, at 100
gpm of overflow, it will take 2.3 days to reduce it by 50 percent.

In addition, it is possible to calculate how long it will take before saturation (or the point
at which oxidation purity is jeopardized) is achieved. The following graph assumes that
it is a single point deflection. Meaning that it does not gradually or linearly affect purity,
rather it appears to be a distinct point somewhere between 10 and 20 mL/min where
purity is compromised. The data present up to this point would appear to support this
idea.

Since an exact number has not been quantified, a value of 35 ppm (the equilibrium
concentration point not quite half way between 10 and 20 mL/min) is used to represent a
possible deflection point.

This chart correlates nicely with the data collected during the test. At higher feed rates,
changes were noted within 24 hours. Addition rates of 10 mL/min did not show any
effect on the purity, but once increased to 20 or 30 mL/min it took less than 24 hours to
deflect (the added 15 to 20 ppm needed to reach 35 ppm in less than 24 hours
correlates to 20 and 30 mL/min respectively).

Recommendations

The recommended application rates provided below should only be implemented when
needed and then be turned back off. Manual or batch dosing is preferred.

All application of AF2290 in the scrubber reaction tanks should be minimized and used
only when needed. Caution should be taken to monitor cumulative effects for heavy
application of defoamer in one (1) or more modules. If more than typical amounts are
being applied, request assistance from the lab to monitor oxidation purity numbers.

If the operational situation requires heavy dosing, it should be offset by increasing the
other module inputs by an appropriate amount. This proportion requires an approximate
75 gpm increase in reaction tank overflow per every 10 mL/min above and beyond the
indicated defoamer rate given in this report.

10

IP12_001585



Effects of Anti-Foam use in Scrubber
Reaction Tanks on Gypsum Purity

Page: 11 of 11 Date:  March 2007

Adding defoamer should not become a routine part of equipment rounds. Operators
should verify the need to add defoamer.

A. Any hand or batch feeding should be done using quantities of one (1) quart or
less. Not to exceed four (4) gallons cumulative in a 24 hour period. This
should be logged and monitored.

B. Continuous addition of 10 mL/min. Could be used indefinitely. Rates should be
verified periodically. Be aware that manual addition on top of the 10 mL/min
continuous could cause purity to drop off.

C. Continuous addition of 20 mL/min. Not recommended that this be done for more
than six (6) shifts. This should be logged and monitored to make sure it gets
turned back off.

D. Continuous addition of 30 mL/min. Not recommended that this be done for more
than three (3) shifts. This should be logged and monitored to make sure it gets
turned back off. It is not recommended that continuous feed be performed at
rates greater than 30 mL/min.

These recommendations apply specifically to the AF2290 product. Conclusions should
not be applied to other defoamer products.

Additionally these recommendations are focused on oxidation purity. While the key
factor in dewatering is particle size (oxidation purity), it does not directly guarantee
successful dewatering. But without good oxidation purity numbers, existing techniques
and equipment do not stand a chance at providing effective dewatering.

Plans and Goals
Technical Services is working with GE Infrastructure in order to provide a more efficient
means of delivering defoamer to each scrubber reaction tank. This will be a semi-
automatic batch feed system, with intentions to make it fully automatic at the earliest
convenience. The first steps toward this system are already in motion as bulk tanks and
recirc pumps are currently (5-3-07) onsite with trial metering pumps in route.

The semi-automatic system will rely on an Operator pushing a button on a local panel to
begin a batch feed into a given module. The pump will then meter out a predetermined
quantity of AF2290 and shut off. This system will utilize plastic tubing similar to the
existing temporary system, but will eliminate the 300 gallon bins and the unreliable
metering pumps.

The automatic system will be triggered off of foam level in the tanks and will only meter
out the quantity required to keep foam from reaching the roof of the reaction tank.
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